Abstract. The workshop aimed at developing interactions between researchers from quantum information theory and from asymptotic geometric analysis. A central notion discussed was the phenomenon of quantum entanglement, which naturally leads to geometric considerations in high-dimensional vector spaces. In these spaces, phenomena such as concentration of measure become prominent and may invalidate our low-dimensional intuition.
Introduction by the Organisers
The goal of the workshop was to bring together researchers working in the areas of quantum information theory and asymptotic geometric analysis to intensify interaction between the two groups. A number of results obtained over the last few years has shown that potential for such interaction existed. On the other hand, while there had been, for example, workshops at the Banff International Research Center and at the Fields Institute in Toronto focused on the interaction between Quantum computation/information and the theory of operator algebras, and of course numerous programs/conferences on the subject of Quantum computation/information as such, no events centered precisely on the interface addressed by the present workshop took place to date. Let us give a high level overview of the nature of links between high dimensional convex geometric analysis and quantum information theory. The main objects of study in quantum information theory are states and channels. For every particular physical system, the corresponding states and channels form convex sets. It is also of importance to consider various subsets of these sets (such as the set of separable states), often also convex. A systematic analysis of these sets via conventional geometric, analytic and numerical methods is generally feasible only for very small systems: if one works with more than just a few qubits or qudits, our sets "live" in a space of a rather high dimension. Therefore one gets into the realm of asymptotic geometric analysis, which deals exactly with quantitative study of such high-dimensional objects and phenomena by identifying and exploiting "approximate" symmetries of various problems that escaped the earlier "too qualitative" or "too rigid" methods. While classically analyzing high-dimensional phenomena often suffers from the curse of dimensionality (the complexity of the problem exploding with the increase in dimension so that the question quickly ceases to be tractable), we may say that asymptotic geometric analysis exploits the blessing of dimensionality, with the symmetries mentioned above becoming apparent only when the dimension is large. Moreover it is well-known in asymptotic geometric analysis, that many low-dimensional intuitions are wrong in high dimensions, and so one may expect various surprising discoveries as a result of applying the techniques of that field in the present context. The idea behind the workshop was to publicize, and ultimately to systematically exploit this unique perspective, which up to now appeared in quantum information theory only on an ad hoc basis.
